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OXYGEN TRANSMISSION OTR: 0.4 cm^/m^ d bar 
ROUGHNESS Rgi 55"^ 
FIGURE la: VERY GOOD OXYGEN BARRIER 

FIG. 1a 




OXYGEN TRANSMISSION OTR: 3.2 cm^/m^ d bar 
ROUGHNESS Rg: 8nm 
FIGURE 1b: POOR OXYGEN BARRIER 



FIG. lb 
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BIAXIALLT ORIENTED POLYESTER FILM, adiieved in meUlHzed, biaxially oriented polyester films. A 

THE USE THEREOF, AND ntOCESS FOR barrier effect against steam is achieved in metallized, biaxi- 

THE FRODUCnON THEREOF ally oriented polypropylene films. 

The good barrier properties of metallized or oxidically 

Thisa^licationisacontinualionofSer. No. 09/158,454 5 coated fi1m» mean diat they are used in particular fior 

filed Sep. 22y 1998 now abandoned. pa^uging foodstuffs and bixnry foods, for \s^ich long 

storage or transport times create die risk that the padttd 

BACKGROUND OF THE INVENTTON foodstuJfe become spoilt, randd or bse flavor if there is an 

1. Field of the Invention inadequate barrier; examples are coffee, raadss containing 

' . . ^ -I 1. _^ J . t- • fats (nuts, diips, etc.) and drinks containing caib<Hi dioxide 

Biaxially oriented polyester films are used m packaging ^ms^esi 

and in industry j^imarily where there ^ a need for tteir ' ,f^7 ^ i. • i 

advantageous properties, Le. good optical propalies, high " polyester films metaJhzed with an ahmmmm layer or 

medianical strengths, good barrier effect, in particular having an ^plied oxidic layer arc used as packaging 

against gases, good dimensitma] stabiHty when heated and „ niatcrial, ttey arc generally a constituent of a multaaycr 

excellent layflat. conq>osit6 nhn (laminate). Bags produced therefrom can be 

„ _^ * ^. ♦ • J • t_i £u flUed, for exanmle, on a vertical tubular bag forming, filling 

apph^ns It IS also de«rable e.g. for reasons ^ ^he bags are heaTseakdon ttiek 

ofeflfe<rtn^pr«ntaton,toi^^ inward si^ Cie^ on the sidTfadng the contents), the 

^Pd^ fil^m Particu^ d«s gl^ and the fito haze. h,^t^,i^i, I J „f polyethylene or 

whflere^^ 20 poiyp^pylene. m composite film here tj^cilly has the 

desmibletoimpn^vethebairu^prDpertieBofpo]^ Mowi^ strucdire: poty^ter layer/ahmSnum or oxkie 

6^. m order to gam new qiphcatons. layer/adhesive layer/beat^alable layer. If die laminate 

Z Dc5CTq)tk)n of the Related Art tiiickncss is fiom about 50 to 150 /an, the thickness of the 

The prior art has demonstrated how it is possible to metal or oxide layer is only fiom 10 to 80 nm. Even fliis very 

improve the (^tical properties, in particular the g^oss and the ^ thin layer is sufficiently effective to achieve adequate pio- 

haze, of biaxially oriented polye^ films. teak>n from light and very good barrier properties. 

EP-A-0 514 129 describes a tran^areot multilayer film The oxygen barrier or the oxygoi transmission is gener- 

which comprises a substrate of a primary layer of polymer ally measured not on the laminate or the packaging itself bat 

material which, at least on one of its surfaces, his a ^ on the metallizBd polyester film, lb cdsdic good quality of 

secondary layer of polymer material vfbkh has certain the foodstnffs or humry food even afier relatively iong 

ooooentrations and certain size distributions of ^ass beads storage times, the oxygen transmission (identical with 

and sihGa partides. Ihe scoondaiy layer can be airai^gcd on permeability) of the metallized film may not be greater than 

one or on both sides of the primary lay^ substrate. The haze 2 ca?hs^ bar d, bat in particular not greater than 1.5 cm^/m^ 

and processing properties are improved in the film, but no bar d. In fdtuic, the demands of the packaging industry will 

iotpiovemeiit in the gloss and die barrier properties of the head toward still higher barriers, with attempts to achieve 

film are provided in the text Ihere is also no indication of permeability vahiesof significantly less than 1.0 cm^/m^ bar 

any kind in the text as to how the topography of sadb. a fihn d for metallized or oxidically coated films. 

BbsfM be adjusted for shnuhaneous improvement of gloss the prior ait, there is neiflicr suflScicnt knowkdge of the 

and oxygen bamer, detailed basis for the barrier effect of metallized or oxidi- 

EP 0 604 057 desc^lies a transparrait multilayer film cally coated polyester films nor of how this may be ded- 

whidi comprises a substrate of a primary layer of polymer sively improved. Variables winch are clearly important are 

material ^^ch is essentially free from fillers and which, at the area of the substrate and the type of substrate polymer 

least on one ofitssurEaoeSp has a secondary layer of polymer and its morphology. It is generally assumed that smooth 

material which contains, as filler, in a concentration of from substrate surfaces rci^lt in bett^ barrier properties. 

100 to 1000 pim, siHcone resin having an average partide ^ connection, Weiss et al., in 'Thin Sohds Fihns" 

diameter of from 15 to 125 fm. A disadvantage of the 204 (1991), p. 203-216, studied the influence of the surface 

silicone particles is that these are comparatively expensive roughness of a substrate layer on the peimeability. For this, 

and do not provide an acceptable solution for die padtagmg polyester filtns were coated with lacquer which contained 

maricet In addition, fihns which are provided witii pigments 55 various concentrations of titanium dx>xide particles. In die 

of this type tend to teksoope nwre easily during reeling. In experiments described, the concentrations of titanium dk>x- 

this text there is likewise no indication of any type as to how j^e particles in the lacquer varied from 2 to 20% by weight 

dietopogii^yofsudiafihnshouldbcacyustedforsunul- Using this method, the surface roughness R„ of die coated 

taneousimprovcniCTt of gloss and oxygen barrier. substrate surface could be varied from 43 nm (unlacqu«ed 

In many foodstuff packaging applications, there is 55 and lacquered film, without titanium dioxkle) to 124 mn. In 

demand for a high barrier effect against gases^ steam and his experiments, increasing rou^mess (increasing propor- 

flavGEB (this having the same significance as low transmis- tion of liO^ of the lacquered surface resulted in markedly 

sion or tow permeability). A well known piocess for pro- higher oxygen transmissions after metalUzing with alumi- 

duditg padsaging of this type consists in hi^-vacuum num. However, the largest step increase in oxygen trans- 

ahiminum metallizing of tbt plastic films used. Other well 50 mission was seen \^n the lacquered film (0% by weight) 

known processes consist in coating the fihns with oxidic was compared with the unlacquered film, althou^ the 

materials (eg. SiO^ or Al^O^). Essentially, the coatings used surface roughness of die substrate was die same in bodi 

are transparent. cases. The lacquering alone of the fihn gave a deterioration 

The barrier effect against the sobstances mentioned above in the barrier from about 0.43 cmVm^ d bar (plain fihn) to 

depends essentially on the type of the polymers in the fihn 65 about 19 cm^/m^ d bar (lacquered film). A further oncer- 

and the quality of the barrier layers applied. Thus very high tainty concerning the transferability of this work to com- 

barrier effibct against gases, such as oxygen and flavors, is mercial products is created by the &ct thai the ahuiinum 



us 6,528,144 B2 
3 4 

kyer was applied using a laboratory evaporator When the elevations is measured as in EP-A-0 124 291. This text, 

compared with an industrial metaHizer, this method achieves like that mentioned above, gives no infoimation conceming 

essentially low penneabflity values, and the influence of the improvement of the gloss, the haze and the barrier proper- 

substrate surface on the bariier properties cannot be seen ties. It also gives no indication of any type as to how the 

ckarly 5 topography of such a film shc^ild be adjusted for simulta- 

other detailed results of studies 00 the influence of the neow impioy«nent of gloss and oxygen 

substrate surface of polyester films on their barrier pmper- ^,1^™* "^.^J'^^ T'^f 

u • j^-TT^ l TV . tIT/^. f . T roughnesses on their two surfaces (dual surface). These films 

Ues can be ftwnd in the dissertation by H. Utz CTechmsche ai^tufl^bie m particular for magnetic leoordink media and 

Umvei8itatMunchenl995:''Bariiereeigpnschafienahimini- essentiaUy have different topographies (e.g. surface A 

umbedampfter Kunststoffolien" [Bamer properties of smooth, surface B tough). These texts generally provide 

ahinunum-metaHized plastic fihns]). means of improving the processing piopcrties of tticfihn but 

According to the studies by Utz (pp. 66 fL\ there is no not its optical properties. In particular, howevei; these texts 

direct oonelation between the surface rou^ness (average do not provide any itkmim of improving the barrier pioper- 

roug^ess heiglitRJ of the PET flbn and its oxygen barrier. tics of the film. 

For example, the fibn fiir video plications which, with an DB-A-16 94 404 descxibes a layered material having moie 

average roughness height of ^^^22 nm, is hi^ilighted as ihm one layer of an oriieoted crystallizable thermophistic 

particularly smooth, has, at 1.3 cm^An^ bar d, an ox]^n film and in whidi at least one of the outer layers contains an 

transmission of 1.2 CTi^An^ bar d oomparabk with the much additive. The additives are customary inert tnoiganic or 
tougher PET n film (R„b220 mn). ^ oiganic particles, and in the case of inert particles sudi as 

EP-A-0 124 291 describes a single -layer triaxially ori- SiOa, arc added to the outer layers in concentrations of from 

ented polyester fibn for magnetic recording tape wfaidi has 1 to 25% by weight, the particle size being from 2 to 20^. 

the following sur&ce property paran^ters The layered materials may, for example, be metallized with 

a) the average roughi^ss is from 1 to 16 nm, aluminum for decorative uses or used for magnetic tape. 

b) the coefficient of friction /ik is from OjOI to 0^ and ^5 Although this text provides a means to improve the ^o- 

c) the following rclationsfaip exists between R„ and /ik cessing properties and the haze of the film, it does not 

provide a means for improving the gloss and the barrier 

ai<lO*i{.f^^l. properties of the film. The text also gives no indication of 

. ' rtv^ 1 sny type as to how the topography of such a film should be 

Tl«se pn^ues am «eali^ TIO, partictes adjust for dmdtaneous^rS^ent of glo« 
(anatase) or TiOj and CaCO^ particles m a ^oportion by ^ bwrier 

03%^ dumeter rfihe TSO^partodM is from 0.1 toO.5 whichiscomposedof a biaxially oriented polyester film and 

« thin magn^etaUic layer on the ^ace A of the 
etevatiom^tru^oE» wtach obey a durti^tiDn such that j comprises 
the graph described by the following lelationsfaip 35 5'/;oated surface A. which is free from particles and 

logy-8.Qx+434,j>io 0 least 4 ;fln thidt or 

ii^ makes up at least 50% of the thickness of the entire film 
is not intersected. In this equation, x ^mi) is a hei^t above layer; and 

a standard level and y is the number of elevations (number/ ^ j,) a second Uyer containing particles and having lelativcly 
mm^ if the clevatioDs are sectioned at a height of x. The mngh sur&ce and rrmtftining 

distributMu of the elevations is determined using standard n at least 1% of individual particles of a particuhir 
equipment for measuring rougtmess. According to this text, polymer A and 

a]ti»ugbll»prDcessingpr^^ fltoawimprowd, at least 1% of individual particles of a particular 

no mfbtination IS provided on unpiovemeiit of the gloss^ the nolvmcrB 

h»sa»]thBbaiiKrprop^ti^ A disadvantage of the fihn is that the surf ace A tends to 

i!^^ "^A^^-^,^, •"P^SPVhy block, so that the film does not piocess v»ell Ihe text does 
of a film of this type ahonld be adnisted for smnillaneoiis Tj7 i < - ■ .u • j 

•___r^ "_r* _i " not disclose a means for improving the gloss, the haze and 

"TrHfrJr^Tr!?^ . V •« the barrier properties of the fihn. Once again, there are also 

^:^f f^^t^J'^^ ' -<» i^^^ot any tw)e in the teit as to how the 

onaitcdpolyesteriamform<4pKtici«coidn«tq>^ top«,gr8phy of such a fito should be adjusted for simulta- 

^?2.™^/^/vr . ^ /WW I- ' t.. T neous improvement of gjoss and oxygen barrier. 

a) ftom 0.05 l» im by weight of «-akmina having an eP-B-0 061 769 des<^ a magi^tic lecording medium 
average part«ae diameter m the range from OJG to 0.3 formulated fiom a biaxia^oriented pollster iihn 

.v''f"' . , . e- ^ ^•1 t ^ 55 and a thin magnetic metallic layer on flie surface A of the 

b) fiom 0^1 to 15% by weight of mert particles of a type flhn^If desired, there is also a hibricant layer on 
other tfian w-ahnmna and havmg an average parhcle fl,e other surfcceB of the polyester lUm. Features of the flhn 
diameter m die range ftom 0.1 to 15 /mi, these particles ^ coated snr&cTA 

toingluger than the w-a to^^ a) has an average toughness R. (peak-vallcy vahie) of not 

1 M moic1hansL((S0imi), 

devationa^notiusioan which aie desmbed by (he lelalum- b)lhemmiberQfpcotni8ioiBhavingahdghtof fiom0.27lo 

""^ 054;m»GnomOto0.2permm*and 

-ii.4x44dog3.«-io.(te+s ,.30, xMS ^ c) IS &* ftom piotiusions having a height greatn than 0.S4 

/an. 

in this equation, x (em) is a height above a standard level $5 A disadvantage of the film is that the sui&ce A tends to 

and y is the munber of elevations (number/mm^ if the block, so that the film does not process well. The text gives 

elevations axe sectioned at a height of x. Ihe dstribution of no teaching on improvement of the gloss, the haze and the 
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barrier properties of the film. IhcTQ is also no indication of 
any type in fbc text as to bow the toppgraphy of sudi a fihn 
^bofM be adjusted £cs simultancou5 improvcmmt of gloss 
and oxygen barrier. 

EP-B4) 088 635 describes a coextrudedbiaxially oriented 5 
polyester film having at least two Layers, of whidi a layer A 
ooDBists of thennoplastic lesin and a layer B oompiiseB 
thermoplastic resin and Gnc particles. Hie sui&ce loiigjtiDCSB 
R„ of the outer Layer on the layer A in die film is less than 
5 nm and the outer surface of the layer B is eifiier lo 

i) a Bufaoe havipg a sur&ce rou^css R„ of from 5 to 40 
nm and a laige number of dqiressions and a laig^ number 
of pcotnisions wbadi are arranged in aparticidar anaqge- 
mentor 

ii) a suiface which has protrusions fibnned on a. level area 15 
and vfiash is covered by a layer which consists of a 
faibricant and has a sur&ce roagfawss of from 5 to 40 
nm. 

A disadvantage of this film surface is that it blocks, both 
with itself and with certain other surfaces (e.g. robber rolls). 20 
The film cannot be processed cost-efiectively; in paiticolar 
during metallizing in vacuo, this film, because of its high 
tendracy to block, tends to tear, and this can cause great cost 
prd^lems. The film is unsuitable for the piuposes of the 
object to be addeved. In addition, the haze of the film is 25 
imsatisfaictory. 

EF-B-O 502 745 describes a coextiuded biaxially oriented 
polyester fihn having at least three layers^ of whidi an outer 
layer A 

a) contains inorganic particles havir^ an average primary 30 
particle size D in die range from 1 to 100 nm and 
satisfying the equation D<T<200D, where T is the thick- 
ness of the layer A and 

b) contains particles B having an average primary partide 
size Dl in the range from 0.3 to 2 /an* where the primary 35 
particle size distribution has a ooefl&cient of variation of 
not more than 0.6 and 

c) the average primary particle size D of the particles A is 
smaller than the average primary particle size Dl of the 
particles B. 40 
The processing behavior of the film, in particular is 

improved by applying the teadnng of dns text Tbe text does 
not give any teaching on intproving the giloss, die haze or the 
barria ^qperties of the film. The text also gives no indica- 
tion of any type as to how the t opogr a phy of such a film 45 
should be adjusted £ar simultaneous improvement of gloss 
and oxygen barrier. 

It is also known that the oxygen barrier can be improved 
by selecting particular polymers fc» the film serving as 
substrate (Scfaridcer, G.: Metallisierte Kunststoffolien fur h 50 
oherweitige Vbrpacknngen [Metallized plastic films for 
high-quality padcaging] in: ICI 5th Intemational MctaSizmg 
Symposium 1986, Cannes). Polye^ers, for example, are 
particularly suitable, specifically those made from ethylene 
glycol and teiqphthalic acid or from ethylene glycol^ tereph- 55 
thalic add and naphdialenc-2»6-dicarboxylic add Besides 
these, polyamides, ethylcne-vinyl alcohol copolymers 
(EVOH) aiid polyvin^idene chloride may also be used with 
advantage. Thus, for example, U.S. PaL No. 5,506,014 
describes a copolyestcr made from (a) from 45 to 85 mol % 60 
of terephthalic add, (b) from 10 to 40 mol % of naphtha- 
knedicaiboxylic acid and (c) from 5 to 15 mol % of a 
dicarboxylic add having from 2 to 8 carbon atoms and (d) 
ethylene glycol; (the molar percentages are based on die 
total proportion of dicarboxylic acids). This polyester is 65 
claimed to have better barrier properties against gases. It is 
used, inter alia, for producing bottles or oontanieis and films 
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of various diidmesses. A disadvantage of the raw materials 
mentioned is that they are ^gnificantly more expensive than 
polyethylene terephthalate (PET) or are unsuitable and/or 
not ofSdally permitted for ise in the packagiQg of food- 
stufEs. 

BRIEF SUMMARY OF THE INVENTION 

It has beca an object of the present invention to (^vide 
a coextiuded biaxially oriented polyester film whidi has 
very good optical properties, i.e. low haze and in particular 
hi^ gjloss, at leasl of one film surface (termed film surface 
A below). A surface A of this type would, for example, be 
paiticularty advantageous for printing or metallizing. The 
high gloss of the film is transferred to the pnnt and to the 
metal layer and thus ensures a particulady brilliant appear- 
ance of the packaging. This ^)plies both to reverse pinting 
and also to top printing of the film. In the production of 
stamping foils, in which the metal layer is transferred from 
the polyester fihn onto a carri^ made from, for example, 
board, paper or plastic, the high metallic gloss is retained on 
die carrier and gives the U:ansf er print an appearance which 
is particularly effibctive for presentation purposes. 

At the same time, the film should exhibit a high oxygen 
barrier after metalliziAg or oxidic coating of the surfoce A 
It should moreover be easy to produce and to process. In 
summary, the object was to provide a film having the 
following combinatioa of features: 

high glosB^ in particular of the surface A of the film 

low haze 

low oxygen permeability of the film afrer metallizing or 
oxidic coatiiig of the surface A of the film 

low coefGdents of fd^n; (no bloddng of the film with 
itself). 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

FIG. Itf is a diagrammatic illustration of surfaces whidi 
have a good oxygen barrier. 

FIG. Id is a diagrarmnatic illu^ration of surfaces wfaidi 
have a low oxygen banier. 

FIG. 2a is a graph iyK)wing the relatiom^q) of equation 1 
of die present invention. 

FIG. 2d is a grqsh showing die relationshqi equation 2 of 
die present invention. 

FIG. 3 is a graph showing the rdatioiishq) of equation 1 
of EP 0124 29L 

FIG. 4 is a optical nnoosoope photograph of a polyester 
fihn. 

FIG. 5 is a graph showing distribution of the elevations/ 
protrusions N measured for the outer layer A of the film of 
Example 1. 

DEIAILBD DESCRIPnON OF THE 
INVENTION 

The gloss of the surface A of the film should be greater 
than 180 and the haze of the film should be less than 1.5. The 
fiuii^ of the surface of idde A should be such that it does not 
block wiUi itself; (blocking occurs if the cocflSdent of 
friction is greater than 1 or if discontinuities arise in the 
measurement of die variation of frictional force widi 
dii^ilaoemcDt, whm frictional fbioe is measured). The sur- 
face of die otiier side should have a ooefEdent of fiiction of 
less dian 0.5. 

In the present case, low oxygen permeability means that 
less Uian 0.5 cm^ of oxygen per square meter and per day 
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should diffuse through the metallized or ozidically'ocMlied 
film ^cn it is sobjcctcd to 1 bar air pressure. 

In its odier properties, the film shoiild be at least equiva- 
lAnt to the koown padmgmg flbns of this type. For example, 
it should be simple and economic to produoe and process s 
well on conventional machinery (i.e. not block, for 
emx^le). 

The object has been achieved by means of a ooextroded 
biaxially oriented polyester film having a base layer B 

composed to an extent of at least 80% by weight of a lo 
thermoplastic polyester and one or more fiirther layeis, 
vfhcTc at least one outer layer A contains internal and/oi inert 
particles and where this outer layer has a number of 
elevations/protrusions N per mm^ of film surCice area which 
is related to their re^ective heigjits h and diameters d by the 15 
following equations 

log tiUBm^<AtrBM*lDg hftaa, (1) 
0.01;im<h<10;im 

A^ol.4;B;,-25 ^ 

log AStem^<A^E^*log Mjtm, (2) 
0.4 /an<d<10 /im 

For the purposes of the present inventico, elevations/ 
protrusions are conical elevations/protnisions ^uch project 
&om the flat film surface. 

For the purposes of the invention, internal particles are 
catalyst residues v/hich remain in the raw material during ^ 
preparation of the polyester raw materials. 

For the purposes of the invcntioiip inert particles are 
particles ^lich are added to ttie raw mateiial, for exan^le 
during its preparation. 

To achieve high oxygen barriers in metallized or oxidi- 
cally coated films according to the object of the invention, 
the number N of elevations/protrusions per mm^ of film 
surfiice Amust, in accordance with the equations (1) and (2), 
be below a particular numerical value. This numerical value 
is uniquely defined by the right-hand side of the equations 
(1) and (2) as a function of the hei^t h and the diameter d 
of the elevations/protrusions. 

Biaxially oriented polyester films which are described by 
the equations above have a comparatively Low number of 
elevations/protrusions on the layer A which is to be metal- 
lized or oxidically coated, llie number of elevations/ 
protrusions is in the range h<0.5 fan, in particular h<0.4 fan 
and very particularly h<0 J fan and is markedly lower than 
is known in the prior art 

The dedsive factors &)radiievti]^hjghoxyg^barri6ra 
metallized or oxidically coated films are theiefoce not low 
rou^ess values R« or S,, but ratha a low density NAnm^ 
of elevations/protrusions on the snxface A FIOS. la and Ih 
give a diagrammatic oon^arison of suifaoes which have 

a) a good oxygen barrier (low permeability values) accord- 
ing to the present invention (FIG. la) and 

b) a low oxygen barrier (high permeability values) (FIG. 

ifc). 

Hie parameter shown is the average roughness R„, cal- 
culated by the following fonnula ^ 

65 

If the density N/mm^ of the elevations^rotnisions is 
small (FIG. La), the barrier in the above sense is good, and 
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in contrast if the d^isity of the elevatioiis/protrusioos is 
great (FIG. L6), the barrier in the above sense is then poor.- 
The diagram also shows that in principle the value of has 
no influence on the barrier properties. A smooth film (c.g. 
R.<10 nm) here may exhibit a very poor barrier if the 
number N/mm^ of elevations/protrusions is greater dian 
calculated by die equations (1) and (2). In this case* the 
sur&oc/5uifaoe layer contains very many fine particles but 
these do not confute significantly to the value of R^. A 
surface of this type is not at all suitable for achieving hig^ 
barrier values. In contrast, film surfaces whidi have com- 
paratively few elevaticxu^protrusiois N per unit of area of 
the layer A aie very suitabk for achieving high barrier 
values. It is of relatively subordinate sigm'flcance here 
whether the elevations^rotrusions are the result of large 
particles or of small particles. 

While die values have no practical significance for the 
barrier properties, they do have practical significance for the 
processing of the novel film. R„ on die film surEace A in 
accordance with the invention and having improved pro- 
cessabiUty is greater tiian 6 nm, preferably greater than 8 nm 
and particularly preferably greater dian 10 nm. 

R„ of the fihn surface A in accordance with the invention 
is not greater than 100 nm, advantageously less than 80 nm 
and particularly advantageously less than 70 nm. 

If Rg of the film surface in accordance with the invention 
is less than 6 nm, the processing, and in particular the 
reeling, of the film becomes difiBculL If R^ of the film 
surface in accordance with the invention is greater than 100 
nm, the abrasion resistance of this suifaoe becomes poorer. 

the number N of elevations per uoil of su&ce on the 
film layer A which is to be metallized or oxidically coated is 
greater than the tig|itphand side of equation (1) or then 
die oxygen permeabilily is greater than OS cmP/or bar d, 
and this is imdesirable for the object of the present invention. 
The gJoBS of this film surCaoe (in its urmietalliaed or 
uncoated condition) is then moreover no loi^r sufSdcntly 
high to meet the requirements of the object of the present 
invention. 

In a preferred embodiment of the novel film, the constant 
in equation (1) mentioned above is 1.18, and in a 
particularly preferred embodiment the vake is 1.0. In a 
likewise praferred embodiment of die novel film, the con- 
stant in equation (1) mentioned above is 22, and in a 
particulatiy preferred embodini^nt s 2.1. 

In a preferred embodiment of the novel film, the constant 
A^ in equation ^) mentioned above is 3.0, and in a particu- 
larly pre&rred embodiment A^ is 2.6. In a likewise preferred 
embodiment, the constant of equation (2) mentioned 
above is 2.3, and in a particularly prefened embodiment B^ 
is 2.2. 

In die preferred and paiticularly preferred embodiments, 
the layer A in accordance with the invention has an 
extremely low number N of elcvations^rotrusioixs per unit 
of surface area. In this case, the metallized or oxidically 
coaled film has a particularly good oxygen barrier. The 
permeability vahies of die metallized or oxidically coated 
fihn in the preferred embodiment are less than 0.45 cm^/m^ 
bar d» and in the particularly prefened embodimait are kss 
than 0.40 cm^An^ bar d Ibe gk)SB of this side likewise then 
assumes extremely high values. The gjoss of this side of the 
fihn (in its unmetallized or uncoated condition) in the 
paitiodariy preferred embodiment is greater tiian 200. 

FIGS. 2a and 2b show, rc^ectrvely, equations (1) and (2) 
graphically. When shown using two logarithmic axes, both 
relationsh^s are ^gtraig ht lines t^^n^ by the numerical 
values given. 
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Relatioo^i^ sunOar to equations (1) and (2) are given in of etfaykne glyooL and teiephthalic acid units or of 

the prior art in the abovementioocd tcids EP-A-0 124 291 ethylene ^yool and naphthalenc-2,6-dic8iboxylic acid units, 

and 0*-A^ 490 665. However, as already mentioned, die The remaining monomer units are derived &om other 
films claimed in these texts have exoelloit slq> properties as al^hatic, cydoalqihatic or anunalic diols and dicaibozylic 
a result of many very anaH elevations exoellrat 5 adds, ig^ich may also be present in the layer A (or tiie layer 

slipperiness of the polyester film of this invention is simul- C). 

taoeously achieved by the presence of the many very minute Examples of other suitable al^adc diols are dietfaylene 

protrusions (page 7))"; the film contains many inert fine glycol triethylene glycol, aliphatic glycols of the formula 

particles ("contaics many inert solid fine particles (page HO--(CH2)«— OH, where n is an integer from 3 to 6, (in 

9))", and this is precisely not the case in the novel fflms. 10 Particular l3-pn)pancdiol, l,4-butanedk>l, 1,5-pentancdiDl 

In addition, the measuiement method used in the prior art 1,6-hexanediol), or teanched alq>hatic glycols having up 

is markedly difEeient from that used in this spplicatiDn (cL ^ ^ carbon atoms. Of the cydoaliphatic diols, cyclohex- 

description of the measuiement method hereinafter. Cone- ^ediols (in particu^r l,4-cyclohexanedio9 should be men- 

spondii* to this, the topographies of the fihn surfaces may Examples cfo^ersmtabk^^^ those 

^^r, aTfa app^ on^mparing the graphs (HOS. ,5 ^'^^^'^^^^'^ ^^Z^ or 

"^S: ^dSlhe^eTSsp^^^^ 

further flhj^ation of the drfferenc^ between the mcasoie- HO-i^H^-C^H^-OH are ako very suitable, 

ment methods and of the lesdtant diS^nces m the topog- other preferred aromatic dicarboxyfic adds are benzene- 

r^hy of the fflms, HG. 4 shows an optical nncroscope dicarboxylic adds, naphthalenedicarboxylic acids (for 

photograph (DIC, Differential InterfCTcncc Contrast) of a 20 example naphthalene-1,4- or -1,6-dicarboxylic acid), 

polyester film. This photograj^, taken using reftectcd light, bq>henyl-x,x'-dicarbgxylic adds (in particular biphenyM, 

shows a pigment-filled polyester fihn* In the method used 4'-dicaiboxylic adc^ d^)henylacetylene-x,x'-dicarbQxylic 

here (in accordance with the invention), as described adds (in particular diphenylacctylene-4,4'-dicarboxyUc 

hereinafter, all of the elevations/pioUusions are recorded by acid) and stilbene-x,x'.dicarboxylic acids. Of the 

meaiB of a scanning electron mioosoopc and evaluated 25 cydoaliphatic dicaiboxylic adds, mention rfiould be made 

using an image analysis method. In contrast, the measure- of cyclohexanedicarboxylic acids (in particular 

ment mediod of the prior art uses a pin which scans the cyclohexane.l,4-dicaiboxyUc add). Parliculaily suitable 

surface at certain distance intervals. As can be seen in the alqjhatic dicaiboxyHc adds are the Cg-C^j, aDcanedioic 

image, straight line traces are left behind by the pin. The adds, the alkane part of which may be strai^-diain or 

imag^ also ^ows clearly that with this method 30 branched. 

only a few pigment partides are recorded and ihe polyesters may be prepared by the txansestetification 

the pigment partides are encountered only by diance. pnxs8S| .the starting materids for which are dicaiboxylic 

Hie method of the prior art is thus not reproducible and esters and diol^ whidi are teacted using the customary 

gives fiilse infiumation. transesteriflcation caulysts, such as salts of ztnc^ caldnm. 

The comparative exanqples show quantitatively that, wbun 35 lithium, magneshim and .manganese. The intermediates are 

compared with the prior art, the films in accordance with the then polycondensed in the presence of widely used poly- 

piesent invoitioD have madndly difiEermt surfoce topogra- condensation catalysts, such as antimony triozide or tita- 

phies. ninm salts. Tlie preparation may be carried out just as 

The subdaims give pre&ned embodiments of the inven- sncoessfiilly by the direct esterification process in the pres- 

tion which are additionally explained bdow. 40 enoe of polyoondensation catalysts, starting direcdy &om 

In accotdaooe witti the invention, the film has at least two the dicarboxylic adds and the diols. 

layers. The layers which it comprises are then a layer B and Processes which have proven particularly suitable are 

the layer A in accordance with the invention. In a preferred those in which transesteiification catalysts are used with 

embodiment of the invention, the film is built 1;^ from three \i^iich only a small number of, andA»r only small, elevations/ 

layers and has, on the one side of the layer B (base layer) the 45 protrusioiss are created <m the layer A of die film. Magne- 

layer A aiKl, on the other side of the layer B, another layer shun salts and manganese salts are particularly preferred 

C whidi is made from polyethylene terephthalate and wtdch here. These transesterification catalysts are preferred fiir 

contains the pigments useful for the production and pro- preparing the raw material for the base and are particularly 

ces^ng of the film. In this case, die two layeis A and C form piefeired for preparing the raw material for the layer A 

the outer layeis A and C. 50 Films having the required topography (equations (1) and 

In pnndph, various raw materials may be used for the (2)) are obtained if (in particular for the layer A in acoor- 

materialsof the various layers. However, it is prefierable that dance with the invention) the raw materials used are pie- 

the production of the individual layers is based on polyester pared using, for example, Mn trarsesterillcation catalysts, 

raw materials. Mg transesterification catalysts or Ca trai^sterification 

The base layer B of the film is preferably composed to an 55 catalysts in whidi the Mn content is in the range horn 50 to 

extent of at le^ 90% by weight of a thermoplastic polyester: 200 ppm or the Mg cont^t is in the range from 100 to 300 

EV>lyesters suitable for this are those made from ethylene ppm or the Ca content is in the range from 50 to 300 ppm. 

glycol and terephthalic add (polyethylene terqihthalate, This creates internal particles whidi give films having the 

PET), from ethylene glycol and naphthalene-2,6- surface in accordance widitfaeiiivention.lt is, however, also 

dicad>oxylic acid (poiyediylene 2,6-naphthalate, FEN), 60 possible to use other transesterification catalysis, 

from 1,4-bishydroxymethyl-cyclohexane and terephthalic The ooncentrations given here for the tnmsesterificaiion 

acid (poly-l,4-cyclohexaiiedimethylene terephthalate, catalysts are based on raw mntgriaU for the layer A in 

PCDI^ or from ethylene glycol, nAphthalene-2,6- aooordanoe with die mvration in \^di do additional inert 

dicaibozylic add and b^>heiiyl-4,4'-dicaifooxylic acid partides are used. In the case of addition of inert partides, 

^lyethylene 2,6-naphthalate bibenzoate, PENBB). Pai^ 65 it is ei^edient to reduce the content of internal partides. 

ticular preference is given to polyesters ^^di are conaposed InpriDcqi]e,thesamepolymeismaybeiisedfbrthB layer 

to an extent of at least 90 mol %, pteforably at least 95 mol A as fin: the base layeL Beddes these, other materials may 
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aJso be present in the Layer A, in vfbkh case the Layer A may 
preferably be composed of a mixture of poLymos^ of a 
copolymer or of a liomopolymer whicti contain ethylene 
2,6-naphthalate units and ethylene terephtliaiate units. Up to 
10 mol % of the polymers may be composed of other 
oc«K»iomers (see above). 

For the other layer (outer layer C) or for any inturiKdiate 
layers whidi may be furesent, it is pcisstble in princ;^>le to use 
the polymeis already desctttwd for the base layer and the 
layer A. 

For processing the polymers, it has proven usefiil to select 
the polymers for the base Imr and the odier layer(s) in such 
a that the visoosities of the ic^ective polyma melts do 
not wet excessively. Otherwise it is likely that there will be 
additional elevation^totmsions^ flow disturbances or 
streaking in the finished film. To desi^'be the viscosity 
ranges of the two melts, use is made of a modified solution 
viscosity (SV). For commercially available polyethylene 
terephthalates vfhkh are suitable for producing biaxiaHy 
oriented films» the SV values arc in the ran^e from 600 to 
1000. For the puiposes of the presoit invcuUon, to ercsurc a 
satisfactory fihn quality, the SV of the polymers for the 
layers A or C should be in the range from 500 to 1200, 
preferably fiom 550 to 1150, particularly preferably from 
600 to 1000. If necessary, a solid phase condensation may be 
carried out on the respective granules in order to adjust die 
SV vahies of the materials as necessary. Hie SV values of 
the polymer melts for the base layer and the otha layei(s) 
should not differ by more than 200 units, ptefirarably by not 
more than 150 units and in particular by not more dian 100 
units. 

Hie base layer and the other Layer(s) may also contain 
customary additives, such as stabilizers and/or anti-bloddng 
agents. Thc^ arc expediently added to die poLym^ or to die 
polymer mixture before melting takes place. Examples of 
stabilizeis are pho^homs compounds, such as pho^odc 
acid and phosphoric esters. 

Typical anti-bloddng agpnts (also termed pigments in this 
context) are inoiganic and/or organic particles, for example 
calcium carbonate, amorphous silicic add, talc, magnesium 
carbonate, barhim carbonate, calcium sulfate, barium 
sul&te, lithium phosphate, calcium phosphate, magnesium 
pho^hate, alumina, LIP, the calcium, barium, zinc and 
manganese salts of the dicarboxylic acids use4 carbon 
blade, titanium dioxide, kaolin and crossHnkcd polystyrene 
partides and oosslinked acrylate particles. 

Selected additives may alao be mixtures of two or more 
diSerrat anti-bloddng agents or mixtures of anti-blocking 
agents of the same fc^mulation but of difiBerent partide size. 
The partides may be added to the individual layers in the 
respective advantageous concentrations, e.g. as glycohc 
dispersion during the polycondensation or via masteibatdies 
dunng extrusion. Pigment oonccntrati«i5 of from 0 to 5% by 
weight have proven particulady suitable. A detailed descrip- 
tion of the anti-blocking agents whidi can be used is found, 
for example, in EP-A-0 602 964. 

To fulfill the equations (1) and (2), the layer A in accor- 
dance with the invention is generally filled only sli^tly or 
not at all with inert pigment& The concentrations of the inert 
partides in the layer A is from 0 to 0.08% by weight, 
preferably from 0 to 0.065% by weight, in particular from 0 
to 0.05% by weight, and very preferably from 0 to 0,04% by 
weight, and depends esseotiaUy on the size of the partides 
used. PcefiBTTBd partides are 5i02 in odlloida] and in chain 
form. There is no limit in piincq)l6 on the partide diametos 
of the partides used However, to achieve the object of the 
invention it has proven advantageous to use partides having 
an average primary particle diameter of less than 60 nm, 
pieferab^ less than ^ nm and particularly preferably less 
than 50 nm and/or particles having an average primary 
partide diameter of greater than 1 /mi, preferably greater 
than 15 and particularly preferably greater Uian 2 fttn. 
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If no inert particles are added to the layer A, it should be 
ensured, for exanq>le by a suitable selection and concentra- 
tion of the catalysts for the transesterification or polymer- 
ization reaction, dial die precq>itates which form can prevent 
5 bloddng of the surface A with itself. 

In selecting the pigments, the pigment diameter and the 
pigment concentration for the other layer(5) (e.g. for the 
layer B if the film has two layers or for the base Layer B and 
the outer layer C if the fihn has three layers) care should be 
10 taken that die pigmentation and the layer thicknesses of 
these layers are selected so that equations (1) and (2) are not 
contravened. 

Hie pigmentation of the individual layers unrelated to 
layer Acan therefore vary greatly and depends essentially on 
the structure of the film 0ayer structure) and the require- 
ments of the film with reflect to achievement of other 
optical properties Qass) and on the behavior in production 
and processing. 

For exampk, if the film is the ^&md three-layer film 
having the base layer B and the two outer layers A and C, the 

^ partide concentration in die base layer B is then preferably 
lower than in die second outer layer C. The pigmentation in 
the base layer B should be selected so that it has no lasting 
effect on the number N of elevations^rotrusioiKS in the outer 
layer in accordance with the invratioa In a three-layer film 

25 of the type mentioned, the particle concentration in the base 
lay« B win be from 0 to 0.06% by weight, preferably from 
0 to 0.04% by weight, in particular from 0 to 0.03% by 
weight and very preferably firom 0 to 0,02% by weight. 
There is in principle no restdction on die partide diameter 

30 of the particles used, but particles having an average diam- 
eter of greater than 1 /mi are particularly piefened. 

If the film is built up form two layers, the layer Amaldng 
up more than 50%, in parti^ar more than 65% and par- 
ticularly preferably more than 80% of the total thidmess of 
the film, the layer B can then be mudi more strongly 
pigmented (with higher pigment concentration) than in the 
opposite case in which the tMckoess of die layer A is 
comparatively low (<50%). 

In a particularly prefezred embodiment, the novel poly- 
ester film is built up from three layers and then also contains 

^ a layer C. The two Layers A and C then form the outer layers 
A and C. The structure, thickness and formulation of the 
second outer Layer C may be selected independently of the 
outer layer A already present, but the second outer layer may 
likewise contain the polymers or polymer mixtures already 

45 mentioned, which, however, need not be identical widi those 
of the first outer layer. Hie second outer layer may also 
contain other weU known outer layer polymers. This second 
outer layer generally contains more pigments (Le. higiher 
pigment concentrations) than the first outer layor A in 

5Q aoondanoe with the inventioa. The pigment oonoentralion in 
this second outer layer is from 0.02 to 0.4%, advantageously 
from 0.025 to 03%, in particular from 0.03 to 0.2% and very 
particularly preferably from 0.035 to 0.15%. It depends, for 
example, on the desired processing behavior of the film. The 
pigment type(s), the pigment ooiioBntratioii(s) and the par- 
tide oonoentratibn(s), and also die layer diickness ratios, are 
pieferably selected so that the film has good optical piop- 
eities and is easy to produce and to process. 

It has proven advantageous to describe the ease of pro- 
duction and die ease of processing of the film by means of 

^ die following parameters of the C 

a) average roughness R^^ 

b) static/sliding fii^ion pic of this side with itself and 

c) the number N^^/mm^ of elevation^protcusions. 

It is advantageous if the film is constructed so that, on this 
65 surface C (or B in die case of a film having two layers), 
which is opposite to die outer layer in acnofdanoe with the 
invention. 
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a) is from 20 to 100 am direction). This causes an orientation of the molecular 

b) the statiQ/BHding Miction ^ of this layer with itself is Less chains. The oncntaticm in a bngitadinal direction may be 
than 0.5 and carried out with the aid of two rolls running at diCGncnt 

c) the number N^/mm^ of elevations/protrusions is speeds corre^onding to the stretching ratio to be achieved, 
ei^iessed by the equations 5 ^ transverse orientation, use is g^erally made of an 

appropriate tenter frame. 

Ahr-fl*3*log Au^oiKlog J^c^iiin^«iAMUhj*log Nm temperatuie at vfhkh the orientation is carried out can 

vary over a relatively wide range and depends on the film 
0.01 /im<h<10 fan properties desired. In g^eral, the longitudinal stretching is 



A„=-1.00(h B^=3.70 10 



carried out at from 80 to 130** C, and the transveise 
stretching at from 90 to lS(f C. The longitodinal stretching 



Afca=2.477; 6^^-2.22 ratio is generally in the range from 2.5:1 to 6:1, preferably 

3:1 to 5.5:1. Hie transverse stretching ratio is generally in 

A^fl^*log 4f^og *oiiifD='«A.^*iog d/^ (4) from 3.0:1 to 5.0:1, preferably from 35:1 to 4.5:1. 

Before the transverse stretchiiig, one or both film surfaces 

0.4 /an<d<10 /an t^ may be in-line coated by the known processes. The in-line 

A^bI.700; B^=3^6 coating may, for example, serve to improve the adhesion of 

A^»4 70(H B a2.70 metallic layer or of any printing ink which may be 

Ina pieficr^1mbodiment,R,isfiom30to90nmand fi^ ""^ ^ ^ antistatic or piocesdng 

""fafSid^nS^daiSiLtiies^^ ^ In the subsequent heat-set^&tlwfihni^^^ 

this layer with itself is less than 0.45 and iTparticular fess ^ ^ f * temperature of from 150 to 250« C. The film is 

than 0 40 ° reeled up m a customary maimer. 

In a preferred cmbodiinent. the constants in equation (3) , 

have the values A«=-0523. 8^523. A„=!l300 »nd la35«ononeorboth^uks.thebi«iaay on«ite^^ 

Bl^3JOO,A«-2.000andB«-2.400, and very paitfculady of treatm«it is selected so^t Resurface teDSi«in of Ac film 

^i^f.^ A 1 iin n ^ OOT^ Vmwi n ^ gcneraUv greater than 45 mN/nj. 

pi^rably A«.1.420, B«-2500, A*3-2.000 and B„- gietaiiic or oxidic layers, if desired, are ^lied in cus- 

In a preferred embodiment, the constants of equation (4) Metallic layers of alum^ 

have the values A«-2.00, B«-3.630, A^-4.40 ai>d B^- 30 ^^!^S^l''s„?ZL'fn^e.?^^ 

An-4.000 and B^»2.600, and very particulaily prefaably i>iut«i km^olui lu. ujuuu, '^y«"=>- 

AS-3.4a),B«^4a),A^-4.000andB^-3.m process paramrt«s of the sy«em^«^ 

Ifd«ired,tfeKmaybeminteimediate^^^^^ -fclLl^-n^^f ^ 

base layer and the oot« laycrfs). Hiis also may be composed „ 'S*"*"* oMdHmns. Tbt metaltazmg of the flbns is pn&r- 
of the Slymas described fertile base layeil. In a 

larly prefelfted embodiment, it is compel of (he polyester metoUiarf film ism the usiidn^^ about 2^to2J8. 

^^»A A,, A,^ K-«.« T* Lo« Jw».*.^«. *k- Ji.^JL^^^r Tnc andic layer is applied to the film m such a way that the 

J^ti^^^L^ ^ *SSL^f^1S?«™,SS ^ tSikne^is preferably in the range fiL 30 to 

additives described. Tie tbckness of the mtenned^ate layer ^ the fltai to be coS^ is usnaUy 

IS generally greater than 0 J um and is preferably in the i~ ITiT^ r " uauaaj 

ran^fit>m05tol5/im,inpai^arfioml.OtolO>mand *> J^m 5 to 20 mAfor aUscttings of vandiles. 

vc^ particularly prcferablyfiom 1.0 to 5 A«n. TJc film m^be coated or^^ 

InttepatticuLriyadvaiiageousembodii^toftfaenoycl S^^^^^tZ^r^'^JS^^ 

film. wto:h has three kye^ the thickness of the oiiter wta* promote jdhesinn^ 

layers) A (and C) is generally greater than 0.1 /an and is artion. Tliese addmonal coatmgs morbc oppb^to 

g.iie^ally iii the raV from 0.2 to 3.0 ^ advaZgcoiuily 4S J'^^IIZISr^S'-^JSS?'^ 

2. g\fi^^tf * ^ ^ j» A-T; J ui6 transverse oneatation. 

fiom 0j2 to 2.5 /im. m parted^ fonn 0.3 to 2 ^ and very „ igmetalliaed on the layer Ain acooidancewith 

particularly preferably from 03 to 1^ um- die outer layws ^ . ^7^ " r^^T^ ^ . ™ «*wiuaii«> twuu 

A and C 1^ may have the same or diferent thidmesis. *f kyer a preferably composed of 

file total thickiess of the novel polyester fihn can vary 8l™m. However. oft« materia 

within wide limits and depends on the Attended application so ^ 1* ^ "^^^^-.Tt '^J^?'^^ 

It is fiom 4 to 50 A«n, in particulat ftom 5 to 45 ^ partu«larly suitable and, in coottast to 

preferably from 6 to 40 /mi, L layer B being a propoi^n gives a tra^nt barrier Uyer.pe 

of fiom 5 to 90% of the total thickness. isptefcrablyoomposedof on^ of elements of ^ 

tJ^:-^.-.**!/!.™.- A or 4th mam group of the Periodic "ftble. in particiilar oxides 

lbprepare tlKUyeiBA andC(oute UyeKs)Aa^^ of magnesiiuL aluminum or silicon. Use is cenendly made 

IS expedient to feed pellets of polyethylene terephthalate to « uw^iiiaiuii^ oiummimi u. amuju. •» bpubjouj umub 

one « two extruders. TTie material are melted at aboiu300» " of4os6metallKot«xidicinatenate^^c.nbe a^^^ 

C and extruded reduced pressure or m vacuo. Hie midmess of the layer 

'llie polymers for the base layer are expediently fed ^ ^7,"^ , 

throngh^other extruder. Any forJgn bodiesTcontaiiina. H'^.tiL'^T ^ "^^'S'^ ^^.^ pmduction 

tion which may be present can be^eened out from the «»teof the novel film are oompanible^^ 

polymer melt before extrusion. The melts are then shraed in ^ wt 11k othaprppeiUcs of fte novel film ^irtuch are relevant 

a coextrosion die to give flat melt films, and are laminated to its processing and use are essenliaUy undiaq^ or even 

together. The multilayer film is dien drawn off and solidified miproved. Besides this^ it has been ensured that redaim can 

with the aid of a dull roU and, if desired, other mils. ^ during the production of the fihn. Hie tenn 

Ibc biaxial orientation is generally carried out sequra- "rcdaim" as used hexein refers to mataials inchidij^ inqicr- 

tially. For this^ it is preferable to orientate firstly in a 65 feet or discarded film such as edge trim or Idtover fihn that 

longitudinal direction (Le. in the machine direction) and then is recycled and reprocessed with fresh polyethylene teieph- 

in a transverse diiectioo (Le. perpendicularly to the machine thalate pellets in production of the novel film. Redaim can 
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be used in a coocentr&tion of firom 20 to 50% by weight, 
based on the total weight of the fihn, without any significant 
adveise effect on the physical properties of ttie film. 

The film has excellent suitability for packaging of food- 
stufe and faixury foods ^^ch are sensitive to light and/or 5 
air. It is particolady suitable for producing vacuum packs for 
oaffee» in paiticDlar ground coffee. 

Id summary, the novel film has hi^ gloss, in particnlar 
hjgh gloss of the surface A of the film, and low haze. The 
film is also, an excellent oxygen barrier after it has been lo 
metallized or coated with oxidic materials on die sur&oe A 
of the film. In addilioD» it has good reeling and processing 
behavior; 

The gloss of the sur&ce Aof die film is greater than 180. 
In a prefisrred embodiment, the gloss of this side is greater is 
than 190 and in a particulaily preferred embodiment greater 
than 200. This surface of the film is therefore suitable in 
particular for printing or metallizing. The Mg^ gloss of the 
film is transferred to the print or the applied metallic layer 
and thus imparts to the film the effiactive presentational 20 
appearance which is wanted. 

The haze of the film is less than 15. In a preferred 
embodiment, the haze of the film is less than 13 and in a 
particularly preferred embodimeot less than 1.0. Its low haze 
makes the film suitable not only for packaging but also, for 25 
example, for reprographic or "glazing" applicaticxis. 

The oxygen transmission of fiie film is less than 0.5 g m~^ 
d"^ bar^^, preferably less than 0.45 g m"^ d"* bar"^ and 
particularly preferably less than 0.4 g m~^ d~^ bar~^ after it 
has been metallized or coated with oxidic materials on the so 
Buifiice A of the film. 

No blockiqg occurs on the surface A of the film. The 
coefficient of firiction on the side opposite to the side A is less 
dian 05. In a prefiened embodiment, the coefBdent of 
fiiction of that part of the film is less than 0.45 and in a 35 
particularly preferred onbodiment less than 0.4. 

lUbk 1 below shows once agiin the most in^rtant film 
properties in accordance with the inventioxL 
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(2) Oxygen Banier 

The oxygen barrier of the metallized films was measured 
using an OX-TRAN 2/20 from Mocon Modem Controls 
(USA) in accordance witfi DIN 53 380, Part 3. 

(3) SV 

Hie SV (solution viscosity) was determined by dissolving 
a specimen of polyester in a solvent (dichloroacetic add). 
The viscosity of this solution and that of the pure solvent 
were measured in an Ubbelohde viscometer. Hie quotient 
was dctomincd from the two valves, 1,000 was subtracted 
from this, and this vahc multipliBd by 1000. Hie result was 
the SV. 

(4) CoefGdent of Friction 

The coefGcimt of friction was determined according to 
DIN 53 375, 14 days after i^oductioa Blocking takes place 
if the coefficient of friction is greater than 1 or if disoonti- 
unities occur in the plot of £dctional force against displace- 
ment during measurement of the fiictional force. 

(5) Surface Ibnsion 

The surface tension was determined using the ^ink 
method" (DIN 53 364). 

(6) Haze 

The haze of tho film was measured according to ASTM-D 
1003-52. Hie Holz haze was determined by a method based 
on ASTM-D 1003-52, but in order to utilize most 
effective measurement range, measurements wae iruufe on 
four pieces of film laid one on top of the other, and a 1** slit 
diaphragm was used instead of a 4*^ pinhole. 

(7) Gloss 

Gloss was measured accoiding to DIN 67 530. The 
refiectance was measured as a characteristic optical value for 
a film surface. Based on the standards ASTM-D 523-78 and 
ISO 2813, the ang^e of incidence was set at 20*" or 60°. A 
beam of ligfit hits the flat test surfice at the set angle of 
inddenoe and is reflected and/or scattered thereby. A pro- 
portional electrical variable is displayed, reprcsentiiig the 
ligfit beams hiltii^ the photoelectric detector. Hie value 
measured is dimenaioiiless and must be stated together with 
the angle of inddenoe. 



TABLE 1 





nnge aocoidiiig 
to the ftwwtntffm 


pfB&UIBd 


pwfticntaiiy 
pre&fMd 




mcasuremmt 
method 


Gkns^side A 


>180 


>190 


>20Q 




DIN 67 530 


(20° uigie of 
mcflsttfunciit^ 
















<1.3 


<1.0 


% 


ASm4} 1003-52 


OdLygeB pcfneabfllty of llie 




^.45 


<0.40 




DIN S3 380, 


flkCtaUiztd or oxidicslly 








bar-^ 


Part 3 


cx»Led film 












C^nrifMgeHt of CrictiOH: 


CO blocking 


<<0.45 


<Q.40 




DIN 53 375 


SideAwilhitnlf 












Side C and/or side 












respectively, with itself 












Avenge roughness 


20-100 


30-90 






DIN 4768, with a 


Side C and/of side B 










cut-off of 0.25 nm 



Measured on tlie unmetallized iilm 



The foUowiDg methods were used to determine param- 
eters for the raw materials and the films: 
(1) Optical Density 

Hie Macbeth TD-904 Densitometer from Macbeth 
(Division of Kbllmoigen Instruments Corp.) was used to 
measure the optical density. The optical den»ty is defined as 
ODa-Ig vibecQ I is the intensity of the incident light, Iq 
is the intensity of the transmitted Ught and I/Iq is die 
transmittanoe. 



(8) Determination of the Particle Sizes on Film Surfaces 
A scanning electron microscope (e.g. DSM 982 Gemini^ 
60 Leo GmbH (Zeiss)) together with an image analysis system 
was used to detennine the size distribution of partides of 
anti-blodong agent (particle size distiibation) on film sur- 
faces. Hie magoifications selected in all cases were 1700 
times. 

65 For these measuicmoitSp specimens of film are placed flat 
on a specimen bblder. These are then metalUzed obliquely at 
an angle a with a diin metallic layer (e.g. of salver), a here 
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is the angle between the surface of the specimen and the 
direction of diffii^oD of the metal vapor. The anti-blocking 
ag&nt particles throw a shadow in this oblique n^taUization. 
Since the i^adows aie not yet electrically conductive, the 
^ecimen can then be farther metalHzed with a second metal 
(e.g. gold), the metal v^r here impactipg vertically onto 
the Bui&cc of the q^edmen. 



940% liy 



6j009b by WBUg^ of 




of ITffitlllllliHtiHTII 



Binfiwe of fihn 



10 



IS 



particles of BiitL'4ilockiiig agent 

Scanning election microscope (SEM) images are takea of ^o 
^ecimen surfaces pi^ared in this way. The shadows of the 
particles of anti-bbddng agent are visible because of the 
contrast betweoi materials. Tlic specimen is oiimtcd in &e 
SEM so that the shadows run parallel to the lower edge of 
the image (x diiection). SEM images are taloen with this 25 
setting and transS^ied to an imagje analyst system. This 
image analysis system ^ used to make precse measure- 
ments of the lengths of the shadows (in the x diiection) and 
their mayimTim extent in the y direction (parallel to the 
vertical edge of the image). 30 

The diameter D of the particles of anti-blocking agent at 
the surface level of the specimen is equal to the maximum 
extent of the shadows d in the y diiection. Hie height of the 
partides of anti-blocking agent, measured from the film 
surface, can be calculated from the an^e a of metallizalion 35 
and the length L of the shadows, given knowledge of the 
magmfication V selected for the SEM image: 



OatCT layer A i> a nujctmc of: 

p<dyetliylene terephtluilate having an SV 
of 800 

masterbatch mad£ firom 99J}% by weight 
of pdyetfaylena to^htlialate (SV of 800) 
and aSA by we^ of Sykbloc ® 44 H 
(oonoidal SlOs fimm OxBoe) and 0.5 9& by 
weiglit of Aeiosil 9 TT fiOO (chain Sip2 
Erom Degtuaa) 
Base layer B: 

l(XySi% by weight of polyediylaie terqshdialate having an SV 

of 800 

Oater layer C is a migture o£ 

84.0% by m^t of pc^etfaylene teiqihtliBlale having an SV 
of 800 

ItiiOA by WG^g^ of masteibatch made fimm 99jO% by wdght 
of pdyethylena tereph ltalate and Gl5% 
by wdght of Sylobloc 44 H (Omoe) and 
05% by weight of Aeraail TT 600 
(DegBsaa) 



The production conditions for the individiial process steps 
were: 



Eztraoiott: 



T4ingi'tnriina1 Btretching: 

Setting: 
Duration: 



Tpity^ftmrfff Layer A: 
layer B: 
Layer C 
Die gq) width 



300" C. 

300** C. 
1 mm 



TbmpeTBtun of die take-off roll 30" C 



XbnipcratiuiD : 
LflflgliDdittal atictcliiQg fatio: 

Transvese atntdiiiig ratio: 
Ibiqientore: 



4.0 

«o-i3rc. 

4i) 

230** C. 

38 



A»<laii(a)*L)/V 

So as to achieve a sufficiently high level of statistical 
idiahility, piccisc measnreinents are made of a few thousand 
partides of anti-bloGkii^ agpnt With the aid of known 
statistical mftftirwlaj^ frequency distributions are then pro- 
duced for the diameters and heig)its of the paitides. The 
dass interval selected for this is 0^ ^ for the particle 
diameter d and 0.05 fan for the particle height h* 
(9) Ron^mess 

The iQughnessRa of the film was determined accoiding to 
DIN 4768 with a cut-off of 0^ mn. 

EXAMPLE 1 

Pblyethylene terephthalate chips (prepared via the trans- 
esterification process using Mn as transesteriflcation cata- 
lyst; Mn concentration: 100 ppm) were dried at 160^ C. to 
a rcsJdaal moisture of less than 50 ppm and fed to die 
extruder for the base Layer B« 

In addition, polyethylene terephthalate diips (prepared 
via the transesterification process using Mn as transesteri- 
fication catalyst; Mn concentration: 100 ppm) which have 
been pigmented as ^own in Table 2 were likewise dried at 
160** C. to a lesidual moistuie of less than 50 ppm and fed 
to the respective extmdeis fior the outer layers A and C. 

A tran^arent fihn having three Uyers, ABC stnictuie and 
a total thickness of 12 fan was produced by ooextruston 
followed by stepwise orientation in longitud^ and trans- 
verse directiDns. Hie thidmeBs of &e le^ective hyeis is 
given in Tbble 2. 



The film has very good optical properties and good 
processing behavior (c£. Table 3). 

After the fihn had been produced (in this Example 1 and 
in all examples below) it was metallized on the side A with 
afaiminum in vacuo in an industrial mctaUizer. Hie coating 
45 speed was 8 m/s and the optical dmsity was 2.6. 

The film exhibited the required high oxygen barrier. The 
structure of the film ai^d the properties achieved in films 
produced in this way are presented in l^bks 2 and 3. FIG. 
5 shows the distributions for the elevation^^trusions N 
50 measured for the outer layer A using the method as described 
hereinabove. 



EXAMPLB2 



55 



Atran^arent film having three layers> ABC structarc and 
a total thickness of 12 /on was prepared by coextrusion 
followed by stepwise orientation in longitud^al and trans- 
verse directions^ in a amilftr manner to that of Example 1. 
Compared with Exampk 1, only the outer layer A was 
60 changed. 



Outer layer A is a muBttoe of: 

65 9B,0% by weight of polyethyleae teiaphHialate havtng aa SV 
of 800 
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-continued 



Outer layer A is a mixtare ct. 



2jOO% by weiglit of masteibatcfa made from 99.0% by weigbt 
of polyeth^ae terephthalate (5V of 800) 
and by wsig^it of Sylobloc 44 H 
(OiBce) and tlS% by weight of Aerosil IT 
600 (DegDssa) 



The process conditions selected for all layers were as in 
Bzample 1. 



EXAMPLE 3 

A transpaient film having three la3reis, ABC stnumire and 
a total thickness of 12 fim was prepared by coextrusion 
EoUowed by stepwise orientation in longitudinal and trans- 
Ycisc diicdionBy in a similar manner to Ibat of Exsanph 1. 
Conipaicd with Example 1, only the outer layer A was 
diangcd* 



25 



30 



Outer hyer A is a mixture at 

99.0% by wei^ of polyeUiyleQe terephthalate having an SV 
of SOO 

1jOO% by wei^ of maaleffaetcb made from 99JQ% by wei^ 
of polyetli)^iie terephthalate (SV of 800) 
and 0.5% by weight of Sylobloc 44 H 
(Grace) and 0.5% by wug^t of Aerosil IT 
600 (Degosaa) 



The process conditions selected for all layers were as in 35 
Rrainp lft 1. 



Outer layer A is a miztoie <^ 



98.0% by weight of polyethylene terephthalate having an SV 
of 800 

TJOOHb by wei^ of mastafaatdi made from 99.75% by 

weight of p<dyethylene tsnphtlulate (SV 
of 800) andO^%byiffei^«f Aemril 
TT 600 (peguna) 



Oater layer A la a mfatiue of: 



10 



9B.Q% by weq^t of polyediyleiie teiqihthBlate having an SV 
of 800 

2J00% by we^g^ of masterbatch made ffom 99.75% by 

weight of polyelhyiens ter^thafaite (SV 
of 800) and 0.2Sft by of Sylobloc 
44 H (Grace) 



15 
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EXAMPLE 4 

AtranspaientfilmhavingthreclayciSiABCBtructiiieand 40 
a total thickness of 12 fan, was prepared by ooextniston 
fioUowed by stqiwise orientation in longitudinal and trans- 
verse diiections, in a similar manner to that of Example 1. 
Compared with Example 1, only the outer layer A was 
changed* 45 



Hie piDOBss Gonditwns selected for all iayeis were as in 
Example 1. 

EXAMPLB6 

A transparent film having three layers^ ABC structure and 
a total thickness of 12 /mi was prepared by ooextnision 
foUowed by stepwise orientation in Longitudkal and trans- 
verse directions^ in a amilar manner to that of Example 1. 
Compared widi Example 1, only the outer Layer A was 
changed. 

Outer Layer A is a mixture of: 
100.0% by weight of polyetfaylme ter^htfaalate haviqg an 

SV of KK) 

The polyester raw material for the outer layer A was 
prepared via the transesterification process using Ca as 
transesterification catalyst, the Ca concentration being 200 
ppm* 

Hie prooess conditions selected Cor bH layers wm as in 
Pvampla 1. Ahfaougb no extra inert pigments were added to 
the outer layer A and the base layer B, the surface of the 
outer layer A contains elevation^protnisions. These stem, 
inter alia, from the transesterification catalyst precipitates 
and variatioDB in the prooesses of raw material picpantion 
and film productioa 

EXAMPLE? 

Atran^atcot film having three laym^ ABC structure and 
a total thickness of 12 fan was prepared by ooexttusion 
followed by stepwise orientation in longitudinal and trans- 
veisc direcdoos, in a similar manner to that of Exan^lc 1. 
Coinpared with Example 1, the outer layers A and C were 
changed. 



50 



Ooter layer A ia a miitiae of: 

98.0% by wejg^ of pdyethylese tewphBiwlale having an SV 
of 800 

2.00% liy weight of maateibatch made fiom 99JQ% by weight 
of polyethyleoe traephthalate (SV of 800) 

and 1,0% by weight of Sylobloc 44 H 
(Grace) 



55 



The process conditions selected for all layers were as in 
Example 1. 

EXAMPLE 5 60 

Atran^arent fihn having three kyers, ABC snuctura and 
a total thidmess of 12 fan was prepared by oocxtrusion 
followed by stepwise orientation in longitudinal and trans- 
verse diredions, in a similar manner to that of Examrpk 1* 65 
Compared with Bzample 1, only the outer layer A was 
changed. 



Outer hyer C ia a mixtare of: 



9a0% by weight of 
1QL0% by weigbt of 



ixdyetfaylene teiephflialate having aa SV 
of 800 

masterbatch made torn 99M by weight 
of polyeliiylBiie teiephtliBlete (SV of flOO) 
and 1.0%bywnighiofSykbloc44H 
(Oiace) 



EXAMPLES 

Attan^Muent film having three layers^ ABC stnicUire and 
total thickness of 12 fan was prepared by ooextfusion 



• 
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fioltowed by stepwise orientation in longitudinal and trans- addition, the film does not present & cost-effective sobition 

veise diiectioDB, in a similar manner to that of Bxampk 7. with respect to use in the packaging madcet 
Con^ared wifii Example 1, tbs outer layer A was changed 

5 



Outer hyer A is b iiUaIuo c£ 

91.0% by wei^ of polyethyfene terepht]i&late liaving an SV 
of 800 

1jOO% by 'wei^ cf mostrabatdi made from 99.0% by wei^ |q 
of polyethjiette terc{Ath&kt£ (SV of 600) 
and 1.0% by of Sylobloc 44 H 

(Once) 



COMPARATIVE EXAMPLE 1 

Example 1 of BP-AO 514 129 was repeated. Ihc gloss of 
the film is unsatisfactory. The metallizBd verstoo in a thick- 
ness of 12 fdm did not have the leqnired barrier values. 

COMPARAnVE EXAMPLE 2 

Exanq^lc 1 of EF-A-0 604 057 was repeated. The gloss of 
the film is unsatisfactory. The metallized versioa in a thick- 
ness of 12 /on did not have the required barrier vahies. In 
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COMPARATIVE EXAMPLE 3 
Example 1 of EP-A-0 124 291 was repeated. 

COMBARAITVE EXAMPLE 4 
Example 1 of EP-A-0 490 665 was repeated. 

COMPARAIIVE EXAMPLE 5 
Example 1 of DE-A-16 94 404 was repeated. 

COMPARAnVB EXAMPLE 6 
Example 15 of EP-A-0 061 769 was repeated 

COMPARATIVE EXAMPLE 7 
Example 1 of EP-B-0 088 635 was repeated. 
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^MeBsmed on tbe metallized fihn 
Side A: inetatti»d outer hyer 
Side G pnmctellfaed oater layer 



Wui is claimed is: 

1. A biaxially onented, ooezuuded polyester film having 
a base layer B con^iosed to an extent of at least 80% by 
weight of a thermoplastic polyester and one or more further 
layers, where at least one outer layer A contains intemal 
and/or inert particles and \i^re tfaisoeter layer has a number 
of elfivations/lprotnisioiis N per mm^ of film surfaoe area 
which is related to their respective heights h and diameters 
d by the folk>wing equations 



log Nhnm^<Af,-BM'^oE hf^m, 

0.01;im<h<10/mi 
A,-1.4;B^-25 



25 



30 



(1) 



35 



40 



50 



0.4 /An<d<10 ;mi 
A^3.4; B^2.4. 

2. A polyester film as claimed in claim 1, wherein the 
layer Acontains less than 0.08% by weight of an inert filler 

3. Apolyesler film as claimed in daiml, wherein the film 
is a metallized or oxidically coated film having an oxygen 
transmission of ^0.5 ca?/tD?' bar d 

4. A polyester film as claimed in daim 3^ herein fiie 
metallized or oxidically coated film has an oxygpn trans- 
mission of ^0.45 ar?fiaf' bar d. 

5. A polyester film as daimed in daim 1, ^eiein die 
kyer A has a glass transition temperature higher than that of 
the base layer B. 

6. Apolyester film is claimed in claim 1, wherein the outer 
layer A has a thidmess of from 0.1 to 3.0 /im. 

7. Apolyester film as daimed in daim 1, wherein the film 
is built up &om two layers and is composed of die base layer 
B and an outer layer A 

8. Apolyester film as daimed in daim 1, ^lich is built up 
from three layers and is composed of an outer layer A, the 
base layer B and a second outer layer C which is applied to 
the side of the base layer B qpponte to that of the outer layer 
A. 

9. A polyester film as claimed in daim 8, wherein the 
outer layer C is pigmented. 



10. A polyester film as claimed in daim 8, whmin the 
outer layer A is pigmentied. 

U. Apolyester film as daimed tn claim 8, wherein at least 
one outer layer is in-line coated. 

12. A polyester film as claimed in claim 1, herein the 
outer Layer A is pigmented. 

13. Apdyester film as claimed in claim 1, wherein at least 
one outer layer is in-line coated. 

14. A process for producing a biaxially oriented, multi- 
layer pQlyester film as daimed in claim 1, in which polyester 
mehs corresponding to the fisrmulations of the outer and 
base layers aze fed to a coextiusioD die^ extruded from this 
die onto a cooling ioH aiKl the resultant prefilm is fiien 
biaxially oriented and heat-set, wherein at least one outer 
layer has a number of elevations/protmsions N per mm^ of 
film surface area whidi is related to their respective heights 
h and diameters d by the following equations 



log JVitaui^<«l«^*log A//ISW 

QM /mi<h<10 /im 
A^«1.4; B^ol^ 

log Nfma!?<A^^]og d/juo. 



(1) 



60 



0.4 /mi<d<10 fan 
A^3.4; B^2.4. 

15. A process for producing a biaxially onented^ multi- 
layer polyester film, as daimed in claim 14, in ^idi redaim 
is introduced to the coextnision die in a concentration of 
from LO to 50% by weig)it, based on the total weight of the 
fihn. 

16. A method foL padcaging of foodstuff and luxury 
foods whidi comprises packaging said foodstuSs and luxury 
foods in a polyester film as claimed in daim 1. 

17. A method for the production of hot-stamping foils 
which comprises producing said hot-stamping foils firom a 
polyester film as claimed in claim 1. 



UNITED STATES PATENT AND TRADEMARK OFHCE 

CERXmCATE OF CORRECTION 



PATENT NO, :6,528,144 B2 Page 1 of 1 

DATED : March 4, 2003 

INVENTOR(S) : Herbert PeiflGer el aL 



It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



Title papc 

Item [57], ABSTRACT, 

Line 10, "log N/xnm^<Ah.Hb*log h//itn, 0.01 /<iiKlKlOyum" should read - log N/ 
nim^<An-;^*log h/fim, 0,01 ^iikIkIO fim -, 

Line 12, "log N/min^<Ad.Bd*log d/fixn^ 0A/im<d<10 /im" should read - log N/ 
iiim^<Ad-Bi()^og dZ/im, 0.4/iin<d<10iUni 

Column 24. 

Line 43, "log N/mm^<At.Bi,*log h/fimj" should read -- log N/imir^<Ah-Bh*log h//im, 
Line 49, "log N/nun^<AdpBii*log d/fim^'* should read -- log Nynim^<i\r3d*tog d//im, 



Signed and Sealed this 
Eighth Day of July, 2003 




JAMES E.ROOAN 
Director ofdte United States Patau and Trademark Office 



